A structural model of the complex formed by phospholamban and the calcium pump of sarcoplasmic reticulum obtained by molecular mechanics.
Phospholamban (PLN) is an intrinsic membrane protein of 52 amino acids that modulates the activity of the reticular Ca(2+) ion pump. We recently solved the three-dimensional structure of chemically synthesized, unphosphorylated, monomeric PLN (C41F) by high-resolution nuclear magnetic resonance spectroscopy in chloroform/methanol. The structure is composed of two alpha-helical regions connected by a beta turn (Type III). We used this structure and the crystallographic structure of the sarcoplasmic reticulum calcium pump (SERCA) recently determined by Toyoshima and co-workers and modeled into its E(2) form by Stokes (1KJU) or by Toyoshima (1FQU). We applied restrained and unrestrained energy optimizations and used the AMBER molecular mechanics force field to model the complex formed between PLN and the pump. The results indicate that transmembrane helix 6 (M6) of the SERCA pump is energetically favored, with respect to the other transmembrane helices, as the PLN binding partner within the membrane and is the only one of these helices that also permits contact between the N-terminal residues of PLN and the critical cytosolic binding loop region of the pump. This result is in agreement with published biochemical data and with the predictions of previous mutagenesis work on the membrane sector of the pump. The model reveals that PLN does not span the entire width of the membrane, that is, its hydrophobic C-terminal end is located near the center of the transmembrane region of the SERCA pump. The model also shows that interaction with M6 is stabilized by additional contacts made by PLN to M4. The contact between the N-terminal portion of PLN and the pump is stabilized by a number of salt and hydrogen-bond bridges, which may be abolished by phosphorylation of PLN. The contacts between the cytosolic portions of PLN and the pump are only observed in the E(2) conformation of the pump. Our model of the complex also offers a plausible structural explanation for the preference of protein kinase A for phosphorylation of Ser16 of PLN.